posterior pharyngeal wall, along with a detailed review of all available literature on pharyngoesophageal perforations after ACDF surgeries.
Case Report

History and Examination
An 81-year-old woman presented to our emergency department (ED) with a complaint of significant cervical pain 5 days after a fall. The patient said she had landed and hit the back of her head due to a syncopal event. She exhibited no signs of neurological deficits. She denied having any paresis, radicular pain, or paresthesia. Her past medical and surgical history indicated that she had celiac disease and squamous cell carcinoma of the forehead region, for which she had undergone 3 surgical procedures to remove the carcinoma and also undergone plastic reconstruction of her nose and forehead region.
A CT scan of the cervical spine ( Fig. 1A) showed severe anterior subluxation of C-2 on C-3 as a result of right-sided facet fracture, bilaterally perched facets, and multiple levels of degenerative disc disease throughout the cervical spine. A right vertebral artery occlusion with no spinal cord signal change was also noted radiographically. An MR image of the cervical spine (Fig. 1B) revealed significant C-2 subluxation; however, no cord signal change was noted at the level of the C-2 region. The posterior longitudinal ligament appeared to be intact, but there appeared to be disruption of the anterior longitudinal ligament. There was also a posterior interspinous ligament injury between the C-1 and C-2 levels.
Operation and Postoperative Course
The patient was examined by a neurosurgeon (other than the authors) at that time and underwent ACDF at the C2-3 level utilizing a polyetheretherketone (PEEK) cage, allograft, autograft, and a nontranslational plate with a locking apparatus and expanding screws. Variable screws (4.0 × 10 mm) were used superiorly while fixed screws (4.0 × 12 mm) were used inferiorly. The screws were secured properly on postoperative radiography, but the Grade II spondylolisthesis of C-2 on C-3 was not reduced appropriately with the surgery. The postoperative radiographs that were obtained demonstrated good instrumentation placement ( Fig. 2A) .
Postoperatively, she developed dysphagia. She was followed-up in clinic frequently with visits at 10 weeks, 14 weeks, 19 weeks, and 7 months after the surgery. Her cervical spine radiographs obtained at 10 weeks did not demonstrate bone fusion and the patient was placed back in her cervical thoracic orthotic. The review of 14-and 19-week radiographs showed stable fusion with some osteophytes at the C2-3 level. A radiograph at the 6-month follow-up evaluation showed no osteophytes or fusion (Fig. 2B) . At her 7-month visit she had no complaints of any pain or discomfort, nor any difficulty in swallowing. She was able to swallow solid foods easily and was quite satisfied with her surgical outcome.
Expulsion of Construct
Three and a half years after the surgery the patient returned to the ED after having coughed up the entire anterior cervical construct (Fig. 3) . During this visit she was evaluated by our neurosurgical team (the authors). According to her, she had been having bouts of coughing for the last couple of weeks with some foreign body sensation in the throat. The patient is a nonsmoker with no history of any smoking or illicit drug use. She denied any history of fever or chills. When coughing out the entire graft, construct, and plating system, both times she only had a small amount of blood-tinged sputum, but no frank blood. According to the patient, she felt much better after the expulsion of the apparatus and was finally able to eat. She denied any throat pain or difficulty with breathing, speech, or swallowing her saliva.
Her neurological and physical examination as well as the examination of the oropharynx were unremarkable with no signs of blood or defects in the posterior oropharynx visible at that time. A CT scan of the spine and soft tissue (Fig. 4A ) demonstrated the C-2 and C-3 vertebral bodies to be fused posteriorly with an anterior erosive defect within the vertebral bodies and the anterior fusion hardware at the C2-3 level no longer identified. An ulcerative soft-tissue defect within the posterior pharyngeal wall was noticed. There was mild edema within the right posterior retropharyngeal space and the adjacent right vertebral artery appeared to be near completely occluded due to the surrounding right paravertebral and pharyngeal soft-tissue edema.
A fiberoptic laryngoscopy demonstrated a 1 × 1 cm area/perforation in the hypopharynx, above the glotic area, with no evidence of abscess formation or inflammation in this area. Vocal cords showed slight edema and erythema, indicating mild laryngitis. The Gastrografin swallowing test ruled out any esophageal tear or fistula and confirmed a large ulcer on the posterior wall of the oral pharynx, along with a small Zenker's diverticulum (Fig. 5) .
As per the ear, nose, and throat consult, the patient was not a surgical candidate for any type of pharyngeal repair and was allowed to heal by secondary intention. We recommended surgical fixation from an anterior and posterior approach, but the patient was against any further surgery. She was monitored in the hospital with a conservative approach for the next 3 weeks and put on a nothing-by-mouth diet along with antibiotic prophylaxis to prevent any abscess formation in the posterior pharyngeal wall during the healing process. Laparoscopic-assisted gastrostomy tube placement was performed to allow for the healing of the posterior pharyngeal wall for up to 4-6 weeks. She was discharged after 3 weeks, with flexion and extension films revealing a stable C2-3 junction (Fig.  6 ). She followed-up in our clinic about 2 weeks after the discharge. She was doing well at that time with no other neurosurgical issues. Her feeding tube had been removed and she was swallowing without any difficulty. She followed up with occupational therapy and physical therapy/ physiotherapy for a few weeks and was eventually lost to follow-up.
Discussion
ACDF is a very commonly performed surgical procedure. Although rare, complications associated with this procedure can be very hazardous and can sometimes lead to catastrophic outcomes. Extrusion of the implanted instrumentation is one of the most serious complications among the possibilities. Esophageal tear is a very rare complication of ACDF and extrusion of instrumentation from an esophageal tear is even more rare. Some cases of coughing up screws or extrusion of screws into the gastrointestinal tract through esophageal perforations have previously been reported. 8, 11, 13, 44 Pharyngeal perforation after ACDF is extremely rare and only 1 case of pharyngeal perforation with extrusion of some cervical construct has been reported in the literature to date. 38 Sharma et al. reported extrusion of a graft with its fixation pin 1 year after surgery in a 32-year-old woman with a C2-3 fracture following a motor vehicle accident. 38 She already had the plating and screws removed 3 months following the surgery due to complaints of dysphagia and coughed up the remaining graft after developing dysphagia 1 year after the surgery through a pharyngeal tear. In this paper we present the first case of the extrusion 
FIG. 4.
A sagittal CT scan (A) and MR image (B) of the cervical spine demonstrating the C-2 and C-3 vertebral bodies to be fused posteriorly with an anterior erosive defect within the vertebral bodies, and the anterior fusion hardware at the C2-3 level can no longer be identified.
FIG. 5.
Gastrografin esophagram ruling out any esophageal tear or fistula and demonstrating a large ulcer on the posterior oropharyngeal wall. A small Zenker's diverticulum can also be noted.
of the entire cervical construct, graft, and plate along with all 4 screws via a tear in the posterior pharyngeal wall.
Pharyngoesophageal perforations can ensue intraoperatively, perioperatively, or many years postoperatively, with a very low reported incidence rate of 0.25%-1.49%. 17, 27 They may follow a benign course afterward or may lead to fatal complications; therefore, their early diagnosis and treatment are critical. Erosion of the hypopharynx or esophagus, with or without instrumentation failure, has been described as occurring up to many years (n = 13) postoperatively. 20, 23, 33, 43 When using the anterior cervical approach, acute injuries to oropharyngeal or laryngeal soft tissue can occur during the exposure of the atlantoaxial and subaxial regions while acute neuronal damage can ensue during bone grafting, manipulation of the spinal fracture/dislocation, and internal fixation, along with bone donor site problems. 17, 38 Nonetheless, delayed pharyngoesophageal perforation is considered to be due to a more complex mechanism. Different mechanisms suggested for pharyngoesophageal perforations include pressure sores caused by the metallic implant and its microtrauma effect. 8, 11, 13, 17, 21, 38, 44 The chronic compression of the posterior wall of the pharyngoesophagus by the protuberant bone or the fixation device may lead to focal ischemia and necrosis, cellulitis, abscess formation, and eventually perforation. 11, 13, 17, 21, 38, 44 Delayed hardware failure with screw migration was found to be associated in as many as 35% of cases and is considered to be the most common cause of pharyngoesophageal injury following anterior cervical spine surgery. 12 Cases of missing screws found in the gastrointestinal tract without any evidence of esophageal scarring have also been reported. 32 In such cases, the esophageal perforations have probably healed without any clinically significant symptoms. Therefore, the incidence of esophageal perforation due to instrumentation extrusion is considered to be underreported, and this appears to explain the low incidence rate (< 1.5%) reported in the literature. 6, 20, 29 Although the suggested mechanisms for both pharyngeal and esophageal perforation are the same, pharyngeal perforations are very rare as compared with the number of esophageal perforations reported in the literature. We attribute this to the comparative frequencies of fixations performed at different levels rather than anything else. With an extensive review of the literature we found that the most common levels of fixation reported to be affected were C4-7 levels, which could be attributed to the increased frequency of fixation at this level. 29 Hence, pharyngeal perforation with involvement of the C2-3 level is very rare, with this case being only the second case to be reported in the literature to the best of our knowledge, and the very first case of extrusion of the entire cervical construct through a posterior pharyngeal wall tear.
In this particular case, when investigating the past records from her initial visit 3.5 years earlier, our team is of the opinion that the patient should have initially undergone an anterior and posterior fusion for treatment. We believe that the patient might have benefited much if an anterior and posterior approach had been adopted by the treating surgeon at the time. Although the use of anterior plating has remained controversial, it is a common practice among spine surgeons. 4, 15, 19, 37 After the expectoration of the entire anterior cervical construct, the patient was recommended to undergo surgical fixation from an anterior and posterior approach by our team, but she opted against any further surgical procedure.
Apart from various contributing factors that vary from case to case, an in-depth examination of all the reported cases, including our case, indicates that the initial suboptimal positioning of the screws can be considered as the main predisposing factor for extrusion of the screws or construct. 8, 11, 13, 44 The avoidance of the false belief that locking, expanding screws cannot be extruded could minimize the incidence of extrusion. In the literature we found extrusion of both nonlocking, conventional screws and locking, expanding screws to have been reported repeatedly. 5, 6, 11, 13, 44 However, we were unable to establish any significant relation between extrusion and size of the screws used for fixation. In our case, along with osteoporosis, the reason for the extrusion of screws and construct could be due to the nonfusion caused by suboptimal placement of the screws and the PEEK cage. On her initial presentation with cervical injury, our patient had a right vertebral artery injury. We speculate that in our case, the 1.2 × 0.7-cm anterior erosive defect observed within the C-2 and C-3 vertebral bodies in the location of prior hardware, leading to this patient's hardware failure, was due to the lack of blood supply to the vertebral bodies at the C2-3 level resulting in osteonecrosis and osteomyelitis (Fig. 4) .
Characteristically it was also noted that, in short fusion cases, the superior screws were the ones that were extruded, while in long, multilevel fusions the lower screws were commonly pulled out. 8, 11, 13, 44 In contrast, Lee et al. presented a case of bi-level fusion in which the superior screws failed. 21 When there is an accompanying posterior ligamentous instability, it can lead to disarticulation of the bone graft with repeated angulation or displacement. 38 Although screw and plate extrusions are rare, graft extrusions are even more rare. Apart from our case, only Sharma et al. have reported the extrusion of a graft with its fixation device and emphasized that the failure of the fixation device does not necessarily mean the failure of fusion. 38 In the presented case we contemplate that the reasons for nonfusion of the graft are the improper arthrodesis of endplates, improper placement of the graft, osteoporosis, vertebral artery injury resulting in osteonecrosis, and possibly an underlying infection (osteomyelitis) that caused erosion of the bone, thereby loosening the construct.
Pharyngoesophageal perforation with the extrusion of screws or any part of the cervical construct can lead to devastating consequences such as death from septicemia, mediastinitis, aspiration of extruded instrumentation into the lungs, pneumonia, or meningitis. 11, 13, 17, 21, 38, 44 In the previously reported cases of esophageal perforations no catastrophic complications were reported and attributed; this could be due to the chronic, slow-evolving erosion mechanism behind esophageal perforations. 8, 11, 13, 44 Because these perforations may either follow a benign course or lead to any of the previously mentioned fatal complications, their early diagnosis and treatment are critical.
Due to infrequent reporting with a low documented incidence rate, the presentation, appropriate evaluation, and management of delayed pharyngoesophageal perforation from ACDF is not well understood. Symptomatically delayed pharyngoesophageal perforation should be considered whenever a patient who has undergone ACDF, even several years prior, presents with complaints of dysphagia, unexplained fever, hoarseness, chronic coughing with foreign body sensation, pain, or odynophagia. 6, 8, 11, 13, 17, 21, 22, 29, 35, 38, 44 Dysphagia was found to be the most common symptom reported in the literature. Neck abscess and aspiration pneumonia, due to traveling of oropharyngeal secretions through the perforation, are also the most commonly reported presenting symptoms and warrant further investigation for a potential pharyngoesophageal perforation in a patient with a history of ACDF surgery. 29 Although nonspecific, occasionally one of the presenting symptoms in such patients might be a midthoracic pain radiating to the shoulders; in most of these patients this symptom may just be the result of their cervical degenerative disease. 6 In cases of perioperative perforation, aspiration or drainage of food, saliva, or air from the neck incision site can be observed. 35 Our patient presented with symptoms of dysphagia and bouts of coughing for the last couple of weeks with some foreign body sensation in the throat prior to the extrusion of instrumentation.
With regard to the diagnosis of this potentially lethal complication, the presence of any dysphagia or sore throat, with or without chronic cough or hoarseness, or the evidence of loosening of the implanted screws more than 5 mm on radiographic images, should alert the clinician and lead to an early diagnosis. 6, 22 Imaging modalities for such a complication should include a contrast esophagram, which is known to demonstrate 75%-100% accuracy in diagnosing esophageal perforation. 26, 27, 42 Esophagoscopy, which has an accuracy rate of 63.6% for diagnosing perforations, should be performed to directly inspect the posterior pharynx and esophagus for exposed intraluminal hardware. 17, 27 Computed tomography is useful for indicating extraesophageal air or abscess while plain radiographs of the spine are effective at demonstrating pneumomediastinum or air in the retropharyngeal and prevertebral spaces. 6, 16, 42 MRI can be used to evaluate cervical alignment and the status of spinal fixation.
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In our case, apart from the CT and MRI, we performed a fiberoptic laryngoscopy to directly inspect the posterior pharynx, and a Gastrografin swallowing test was performed to rule out any esophageal tear or fistula.
The treatment options for esophageal perforation from anterior cervical spine hardware include managing it conservatively, by primary closure or by complex reconstruction. 7, 12, 35 Successful conservative management of small perforations includes drainage without repair, use of broad-spectrum intravenous antibiotics, a nasogastric tube, and extraoral nutrition. 1, 2, 12, 16, 26, 42, 43 Conservative management is a reasonable option in patients with uncomplicated esophageal injuries and contained leaks, with a survival rate of 80%. 1, 2, 12, 16, 26, 42 In our case we pursued a conservative approach. A laparoscopic-assisted gastrostomy tube placement was performed before discharge near the end of the 3rd week to allow for the healing of the posterior pharyngeal wall for up to 6 weeks.
Most cases of esophageal perforation due to instrumentation erosion are unlikely to resolve with conservative management alone and require surgical closure. 7 A surgical exploration is necessary when neck abscess, recurrent aspiration pneumonia, or clinical signs of sepsis develop. 29 Larger defects may require vascularized flaps such as a submental island flap, pectoralis major myogenous flap, sternocleidomastoid muscle, or a microvascular free flap. 7, 10, 12, 20, 29, 30 For a successful repair it is essential that the displaced instrumentation should be removed as completely as possible because if the instrumentation is left intact the perforation may recur. 12, 20, 29 In cases with initial suboptimal implantation of the instrumentation the importance of close follow-up cannot be overstressed. In our opinion, the manifestation of any of the commonly documented presenting symptoms over the years, especially dysphagia, should alert clinicians and warrant further investigation.
Conclusions
This case demonstrates a rare, but potentially serious and life-threatening complication of ACDF. The pre-sented case is different from all other cases because of the extrusion of the entire cervical construct along with the implanted graft. Based on the available literature, each case requires separate and distinct treatment from the others. This case demonstrates that patients with multiple risk factors for hardware failure, including poor bone quality and diminished vascular supply to the fused elements, should be followed clinically longer than other postoperative patients due to the potential for significant delayed complications. Our patient did well clinically and required no further intervention, showing stability on flexion and extension radiographs, but each case is unique for such a rare complication.
